Aims. The purpose of the present study is to research the origin of planetary companions by using a precise radial velocity (RV) survey. Methods. The high-resolution spectroscopy of the fiber-fed Bohyunsan Observatory Echelle Spectrograph (BOES) at Bohyunsan Optical Astronomy Observatory (BOAO) is used from September 2008 to June 2012. Results. We report the detection of two exoplanets in orbit around HD 208527 and HD 220074 exhibiting periodic variations in RV of 875.5 ± 5.8 and 672.1 ± 3.7 days. The RV variations are not apparently related to the surface inhomogeneities and a Keplerian motion of the planetary companion is the most likely explanation. Assuming possible stellar masses of 1.6 ± 0.4 and 1.2 ± 0.3 M ⊙ , we obtain the minimum masses for the exoplanets of 9.9 ± 1.7 and 11.1 ± 1.8 M Jup around HD 208527 and HD 220074 with an orbital semi-major axis of 2.1 ± 0.2 and 1.6 ± 0.1 AU and an eccentricity of 0.08 and 0.14, respectively. We also find that the previously known spectral classification of HD 208527 and HD 220074 was in error: Our new estimation of stellar parameters suggest that both HD 208527 and HD 220074 are M giants. Therefore, HD 208527 and HD 220074 are so far the first candidate M giants to harbor a planetary companion.
Introduction
Most exoplanets have so far been detected by using spectroscopic radial velocity (RV) and photometric transit methods at the ratio of two to one. While the transit method is limited by using strongly biased towards short-period companions with a period as short as a few days, the RV technique is relatively less restricted, it can detect planetary systems with a period approximately from a day to ∼ 38 years (i.e. 47 Uma described in Gregory & Fischer 2010) .
It has been demonstrated that the RV method has a limited range of stellar spectral types of stars chosen as targets. Planet searches generally focus on late F, G, and K dwarfs because they are bright enough to obtain a high signal-to-noise ratio (S/N) in the high-resolution spectra and have an ample number of spectral lines for the RV measurements. Furthermore, finding planets around the Sun-like stars is a big issue in every aspect. Unfortunately, there are no more candidate stars in the main-sequence (MS) stage for ground-based observations. Recognizing the importance of exoplanet formation and its evolution, several exoplanet survey groups have begun exploring evolved G, K giants (Frink et al. 2002; Setiawan et al. 2003; Sato et al. 2003; Hatzes et al. 2005; Dölinger et al. 2007; Han et al. 2010 ) and low-mass (M dwarf) stars Bonfils et al. 2011) .
A giant star has sharper spectral lines than a dwarf star, which allow more precise measurement of RV shift. RV surveys of giant stars are also interesting because we can detect planets ⋆ Based on observations made with the BOES instrument on the 1.8-m telescope at Bohyunsan Optical Astronomy Observatory in Korea. of stars that are considerably more massive than the Sun. For MS stars of the same mass this would be difficult because they rotate fast. Compared to MS stars, however, giants show blended RV variations due to various surface variations in the line profiles, such as chromospheric activities, and stellar pulsations. It thus makes it difficult for the giant star to purify the RV origin through the examination process. Also, it is not so easy to determine the masses of the host stars, because stars of different mass are located in roughly the same region of the H-R Diagram. And, the interpretation of the data is not easy, because only massive planets with relatively long orbital periods have been detected for giant stars, whereas surveys of MS stars often find low-mass planets with short orbital periods.
Of the exoplanets detected by the RV method, just over 12% are discovered around giants. However, no planet has been discovered around M giant stars because they are rare or maybe because planet formation is weak around M giants unlike M dwarfs, which may have a significant probability (up to 13%) of harboring short-period giant planets ). Shortterm oscillations on M giants are rarely observed, yet they show periods in excess of one day (Koen & Laney 2000) . Threedimensional simulations (Freytag & Höfner 2008 ) predict typical photometric periods of about several tens to a few hundred days, similar to those of RV variations in K giants.
For the past four years, we have conducted precise RV measurements of 40 K dwarfs. Here, we present two stars with longperiod and low-amplitude RV variations. In Sect. 2, we describe the observations and data reduction. In Sect. 3, the stellar characteristics of the host stars are reinterpreted, including chromospheric activities and Hipparcos photometric variations. The RV measurements and orbital solutions will be presented in Sect. 4. Finally, in Sect. 5, we discuss our results from our study.
Observations and reduction
Since 2003, we have conducted a precise RV survey for ∼ 300 stars, including 55 K giants (Han et al. 2010) , ∼ 200 G giants (Omiya et al. 2008) , 10 M giants, and 40 K dwarfs. The observations were carried out as part of the study on the 40 K dwarfs. We used a fiber-fed high-resolution (R = 45 000) Bohyunsan Observatory Echelle Spectrograph (BOES; Kim et al. 2007 ).
The BOES spectra covered a wavelength region from 3500 to 10 500 Å. In order to provide precise RV measurements of the K dwarfs, an iodine absorption (I 2 ) cell was used with a wavelength region of 4900 -6000 Å. Each estimated S/N ratio at an I 2 region was about 200 with a typical exposure time ranging from 10 to 20 minutes. The long-term stability of the BOES was demonstrated by observing the RV standard star τ Ceti, which was constant with an rms scatter of 6.8 m s −1 over the time span of our observations (Lee et al. 2011 (Lee et al. , 2012 .
We obtained 24 and 32 spectra each for HD 208527 and HD 220074, respectively, from September 2008 to June 2012. The basic reduction of spectra was performed using the IRAF (Tody 1986 ) software package and DECH (Galazutdinov 1992) code. The precise RV measurements related to the I 2 analyses were undertaken using the RVI2CELL , which is based on a method by Butler et al. (1996) and Valenti et al. (1995) . The RV measurements for HD 208527 and HD 220074 are listed in Tables 2 and 3 and shown in Figure 4 and 7.
Stellar characteristics

Fundamental parameters
The atmospheric parameters were determined based on the TGVIT (Takeda et al. 2005) code. To estimate the parameters, Stellar masses were estimated from the theoretical stellar isochrones by using their position in the color-magnitude diagram based on the ones by Bertelli et al. (1994) and Girardi et al. (2000) . We also adopted a version of the Bayesian estimation method ( Table 1. HD 208527 ( = HR 8372 = HIP 108296) has been known to be a MS star with a spectral type of K5 V (ESA 1997) and an apparent magnitude of 6.4. The absolute magnitude of -1.24, however, indicates that the star could be located at a giant stage in the H-R diagram. The values of the surface gravity and stellar radius also show that it may be a giant star. The surface gravity of the star is consistent with a giant but inconsistent with a dwarf. Stars that have the same spectral class but a different luminosity class have quite different optical versus infrared colours. Bessel & Brett (1988) provide the intrinsic V-K colours for dwarfs and giants. The V-K colour of 4.14 is close to an M1 giant (V-K = 4.05) rather than a K5 giant (V-K = 3.60) according to Bessel & Brett (1988) . Thus, HD 208527 should be classified as an M giant rather than as a K dwarf star.
The classification of HD 220074 ( = HR 8881 = HIP 115218) has caused controversy. Whereas the result of the Hipparcos photometric observation estimated that the star remains in a MS stage with a spectral type of K1 V, recent reports showed a spectral type of M2 III (Kidger et al. 2003; Tsvetkov et al. 2008) . The colour index of HD 220074 was estimated to be approximately 1.7 by Hipparcos data, which was reduced afresh by Leeuwen (2007) and shows the same result. It means that the star should be a spectral type of a late K or early M. However, the effective temperatures have led to confusion over the spectral classification of HD 220074. Studies have shown it to be ∼ 5000 K (Wright et al. 2003; Ammons et al. 2006) , which indicates the spectral type of an early K and it agrees with the Hipparcos classification of a K1-type. On the contrary, our estimation of an effective temperature (T eff = 3935 K) shows that the spectral type is close to a late K or an early M. HD 220074 also could be classified as a giant star according to the value of the absolute magnitude M v = -1.52, as well as a low surface gravity and a large stellar radius compared to that of the dwarf star. The V-K colour of 4.39 is similar to an M2 giant (V-K = 4.30) in Bessel & Brett (1988) , which also indicates that the star is likely to be a giant. As a result, HD 220074 should be an M2 giant star (Kidger et al. 2003; Tsvetkov et al. 2008 ).
Chromospheric activities
The EW variations of the Ca II H & K lines are frequently used as chromospheric activity indicators because they are sensitive to stellar activity and the variations could have a decisive effect on the RV variations. The emissions in the Ca II H & K core are formed in the chromosphere and show a typical central reversal in the presence of chromospheric activity (Pasquini et al. 1988; Saar & Donahue 1997) . Figure 1 shows individual features in the Ca II H line region. Due to a low S/N of the blue-most region, the spectrum is not clear enough to resolve the emission feature in the Ca II H line core. It may be the result of some invisible emission features or scatters in the both samples. Even if there really are slight central emissions compared to 61 Cyg A (K5 V) showing atmospheric activity, which is one of the samples of 40 K dwarfs, the features are too weak to confirm the existence of core emission features categorically.
Chromospheric activity also has been measured by using the Ca II triplet lines (Larson et al. 1993; Hatzes et al. 2003; Han et al. 2010) . Among the triplet lines (8498, 8542, and 8662 Å) , Ca II 8662 Å is uncontaminated by atmospheric lines near the core. Changes in the core flux of the Ca II 8662 Å reflect variations in stellar chromospheric activity and qualitatively related to the variations in the Ca II H & K flux (Larson et al. 1993) . The line profiles in the Ca II 8662 Å spectral region are shown in Figure 2 . -2454726.198, 2454726.220, 2454752.124, 2454833.894, and 2455018.172) . The spectra of 61 Cyg A clearly show variations of the central core, which is very similar to the result in Larson et al. (1993) . On the other hand, the line features for HD 208527 and HD 220074 display no such variations.
Photometric variations
We analyzed the Hipparcos photometry data to search for possible brightness variations, which may be caused by the rotational modulation of cool stellar spots. The available photometry database originates from 88 Hipparcos measurements for HD 208527 (from November 1989 to December 1992) and 121 Hipparcos measurements for HD 220074 (from January 1990 to December 1992). They maintained a photometric stability down to rms scatters of 0.010 (HD 208527) and 0.012 (HD 220074) magnitude, which correspond to 0.15% and 0.18% variations over the time span of the observations. Figure 3 shows the Lomb-Scargle periodograms (Lomb 1976; Scargle 1982 ) of the Hipparcos data for both stars. A rather large peak appears at about 301 days with a false alarm probability (FAP) of 0.2 ± 0.1% (HD 208527). A FAP is a metric to express the significance of a period by a bootstrap randomization technique (Press et al. 1992; Kürster et al. 1999) . But, there are no additional significant peaks at other periods in both periodograms.
Radial velocity variations and origin
HD 208527
Period analysis was applied to appraise the significance of periodic trends or variabilities of the time series. A Lomb-Scargle periodogram, which is a useful tool to investigate long-period variations for unequally spaced data, was used to calculate the RV time series. The time series of our RV measurements for HD 208527 are listed in Table 2 and shown in Figure 4 (middle panel). Figure 5 shows a significant power for HD 208527 at a period of 875.5 days (top panel) with a FAP of less than 10 −5 and the residual after subtracting the superior period (bottom panel). There is a highly significant power at a period of 875.5 days and no significant peak exists in the residual.
HD 208527 is reclassified as a giant star in this work, rather than a dwarf. Thus, HD 208527 may have surface inhomogeneities which are not uncommon to giant stars. Stellar rotational modulations of surface features can create variable asymmetries in the spectral line profiles (Queloz et al. 2001) , and in particular, the variations in the shapes of the spectral line may cause the RV variations. The different RV measurements between the high and low flux levels of the line profile are defined as a bisector velocity span (BVS). In order to calculate the BVS, we selected three strong lines with a high flux level and unblended spectral features, which are Ni I 6643.6, Ti I 6743.1, and Ni I 6767.8 Å. The lines are located beyond the I 2 absorption region and show a high flux level throughout the whole wavelength region. We estimated each BVS of the profile between two different flux levels with central depth levels of 0.8 and 0.4 as the span points, that avoided the spectral core and wing where the difference of the bisector measurements are large. The BVS variations of HD 208527 as a function of RV are shown in Figure 6 . The slopes are 0.02 (Ni I 6643.6), 0.01 (Ti I 6743.1), and 0.03 (Ni I 6767.8 Å), respectively; There are no obvious correlations between the RV and BVS measurements. HD 208527 reveals a periodic signal in RV variations, and the best fit Keplerian orbit is found with a P = 875.5 ± 5.8 days, a K = 155.4 ± 3.2 m s −1 , and an e = 0.08 ± 0.04. Figure 4 shows the RV curve as a function of time for HD 208527 and the residual after extracting the main frequency. Assuming a stellar mass of 1.6 ± 0.4 M ⊙ , we derived a minimum mass of a planetary companion m sin i = 9.9 ± 1.7 M Jup at a distance a = 2.1 AU from HD 208527.
HD 220074
The time series of our RV measurements for HD 220074 are listed in Table 3 and shown in Figure 7 . A Lomb-Scargle periodogram of the data exhibits a dominant peak at a period of 672.1 days in Figure 8 (top panel) with a FAP of less than 10 −5 . Figure 8 (bottom panel) shows a Lomb-Scargle periodogram of the residual after subtracting the superior period and no significant peak exists.
The BVS was measured by using the same spectral features and method as that for HD 208527. The BVS variations of HD 220074 as a function of RV are shown in Figure 9 . The slopes are 0.10 (Ni I 6643.6), -0.07 (Ti I 6743.1), and -0.01 (Ni I 6767.8 Å), respectively. The correlation between the BVS and RV is not visible. However, we want to point out that this can also be due to too small BVS variations, as expected from Saar & Donahue (1997) or Hatzes (2002) .
The RV variations of HD 220074 can be well-reproduced by Keplerian orbit with a P = 672.1 ± 3.7 days, a K = 230.8 ± 5.0 m s −1 , and an e = 0.14 ± 0.05. The RV variations and residuals for HD 220074 are shown in Figure 7 . Assuming a stellar mass of 1.2 ± 0.3 M ⊙ , we derived a minimum mass of a planetary companion m sin i = 11.1 ± 1.8 M Jup at a distance a = 1.6 AU from HD 220074. All the orbital elements are listed in Table 4 .
Discussion
In order to search for and study the origin of planetary companions, the precise RV measurements around 40 K dwarfs were obtained with BOES for four years. We find that HD 208527 and HD 220074 show evidences of low-amplitude and long-periodic RV variations. The spectral and luminosity classes for the samples are reclassified with the result of previous studies and our new estimation of the stellar parameters. HD 208527, known as a K dwarf, is changed to an M giant and HD 220074, known as a K dwarf or an M giant, is confirmed to be an M giant. Thus, the low-amplitude RV variations may have been caused by the surface phenomena as well as by orbiting planetary companions. We found RV periods of 875 and 672 days for HD 208527 and HD 220074, respectively. Long-term RV variations, such as in hundreds of days, in evolved stars may have been caused by three kinds of phenomena: stellar pulsations, rotational modulations by inhomogeneous surface features, or planetary companions. Of these, RV variations due to pulsations are unlikely because the period of the fundamental radial mode pulsation is several days and the mechanism to produce very long and lowamplitude pulsation modes is impractical.
The lack of activity in the stars argue in favor of the planet hypothesis. The Ca II H & K line and Ca II 8662 Å were 9.9 ± 1.7 11.1 ± 1.8 a [AU] 2.1 ± 0.2 1.6 ± 0.1 used to monitor chromospheric activities, which moreover show strong correlations from the results of early K stars (Thatcher & Robinson 1993) . Because of the low S/N in the Ca II H & K region of the BOES spectra, the variations in the Ca II 8662 Å line profile were examined instead: they do not show any notable variations. The Hipparcos photometric variations and the BVS also showed no correlations with the RV measurements.
Even though there exists a moderate power at a frequency of 301 days, as compared to 875 days seen in RV variations, in Hipparcos photometric data for HD 208527, this does not go against the general trend. All these null results from the analyses of the chromospheric activities or surface inhomogeneities argues against the rotational modulation of surface activities as the origin of observed RV variations. However, the existence of planetary companions can explain the observed RV variations. Assuming the stellar masses of 1.6 ± 0.4 and 1.2 ± 0.3 M ⊙ for HD 208527 and HD 220074, the minimum masses of planetary companions were estimated to be 9.9 ± 1.7 and 11.1 ± 1.8 M Jup with an orbital semi-major axis of 2.1 and 1.6 AU, respectively. If confirmed, HD 208527 and HD 220074 become the first candidates harboring planetary companions around M giant stars.
After removing the RV signal of the planets, the remaining RV variations are 39.3 m s −1 (HD 208527) and 57.4 m s −1
(HD 220074), respectively. The variations are larger than the expected for stellar activity and the errors of the measurements. Additional frequencies can be considered and duly weighed because the values are significantly larger than the RV precision for the RV standard star τ Ceti (6.8 m s −1 ), as well as larger than the typical internal error of individual RV accuracies of ∼ 13 m s −1 (HD 208527) and ∼ 22 m s −1 (HD 220074). A periodogram of the RV residual variations, however, does not show any additional periodic signal as shown in Figure 5 (bottom panel) and Figure 8 (bottom panel). This means that the residual RV variations do not indicate the presence of another planet. Hekker et al. (2006) have shown that the rms of RV residuals of K giants has a median value of 20 m s −1 and this tends to increase toward later spectral types. Hatzes et al. (2005) also have shown that the high rms of residuals (∼ 51 m s −1 ) are found in the K1 giant HD 13189 and this shows a significant short-term RV variability on time scales of days that is most likely due to stellar oscillations. That behavior is typical for K giant stars, whether periodic or not (Setiawan et al. 2003; Hatzes et al. 2005; Dölinger et al. 2007; Lee et al. 2008; de Medeiros et al. 2009; Han et al. 2010) .
